INTRODUCTION
Jak2 is a non-receptor tyrosine kinase belonging to the Janus family of tyrosine kinases.
It is activated by a variety of cytokine and growth factor receptors, resulting in signaling cascades that facilitate the activation of various downstream target genes. Jak2 mediates gene transcription through its well characterized downstream signaling molecules, the Signal Transducers and Activators of Transcription (STAT) proteins. Specifically, the binding of a ligand to its cognate receptor at the cell surface, activates Jak2 (6) . Activated Jak2 then phosphorylates the STATs. Activated STATs subsequently translocate into the nucleus and mediate gene transcription. Thus, Jak2 is viewed as a key mediator of ligand-dependent gene activation.
Previous studies demonstrated that mice lacking a functional Jak2 allele die during early embryonic development (26, 28) . These knockout mice are deficient in mandatory cytokine signaling as well as severely anemic, demonstrating a complete lack of erythropoiesis. The lethal effects associated with Jak2 knockout mice indicate the important physiological role Jak2 has in the development of animals in general and definitive erythropoiesis in particular. In addition to being activated by about twenty different cytokine receptors, Jak2 can also be activated by numerous tyrosine kinase growth factor and seven transmembrane spanning receptors (2, 13, 17, 21, 22, 29, 30, 34) .
Using gene-profiling technology, we sought to identify and characterize Jak2-dependent genes that are differentially expressed as a result of the presence, or absence, of Jak2.
Specifically, Affymetrix microarray gene chips were used in these experiments. The chips contain probe sequences for ~12,000 fully sequenced human genes. Analysis of two replicates demonstrated that 621 genes were shown to have a greater than 2-fold change in expression as a -4-function of basally expressed Jak2, with 31 of these genes showing a 7-fold change or greater.
Surprisingly, this differential expression pattern did not require the addition of exogenous ligand to activate a cell surface receptor, but merely a basal level of Jak2 kinase function within the cell, as measured by a combination of Northern blot analysis, RT-PCR and luciferase reporter assays.
Subsequent ligand treatment of cells caused a further increase in Jak2-mediated gene transcription, but this increase was roughly of the same magnitude to that seen when basal Jak2 kinase function was reconstituted in these cells. These Jak2-dependent genes represent a wide range of ontological functions including transcription factors, signaling molecules, and cell surface receptors. Additionally, of the 621 genes identified in this study, 56 have already been shown to be cytokine responsive, thereby suggesting that these genes are true targets of Jak2 action. As such, this work demonstrates for the first time that, in addition to being a key mediator of ligand-activated gene transcription, Jak2 is also a critical mediator of basal level gene expression. Additionally, the large numbers of genes implicated in this study to be dependent upon Jak2 for their transcriptional regulation indicate the critical and encompassing role that Jak2 has in transcriptional processes within the cell.
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EXPERIMENTAL PROCEDURES
Creation of Stable Cell Lines-Creation of the the Jak2 null cell line, termed γ2A, has already been described (18) . Using this background, the cells were transfected with a Jak2 expression plasmid (42) and a Zeocin selectable vector in order to create the γ2A/Jak2 cells. Cells transfected with the Zeocin selectable marker alone (γ2A/Zeo) , were us ed as controls. Two days after transfection, cells were transferred to medium supplemented with 250 :g/ml Zeocin. Two weeks later, individual colonies were ring cloned as previously described (35) . The relative Jak2 expression of each clone was then determined using Western blot analysis as described below.
The rat aortic smooth muscle (RASM) cells stably overexpressing either a Jak2 dominant negative allele (RASM DN) or the neomycin resistant cassette (RASM WT) have been described (35) . The γ2A cells stably expressing either the growth hormone receptor alone (γ2A + GHR) or the growth hormone receptor along with wild type Jak2 (γ2A + GHR + Jak2) have also been described (15) . All cells were made quiescent by washing them extensively with phosphate buffered saline and then placing them in serum free media for either 20 (γ2A) or 48 (RASM) hrs, prior to use.
Western Blot Analysis-Western blot analysis was performed exactly as detailed previously (36) . Briefly, equal amounts of γ2A/Zeo and γ2A/Jak2 whole cell protein lysates were prepared from serum starved cells and subsequently Western blotted with polyclonal anti-Jak2 antibody (Upstate Biotechnology) in 5% milk/TBST to determine Jak2 expression levels. Membranes were subsequently stripped and re-probed with polyclonal anti-Stat1 antibody (Santa Cruz Biotechnology) to confirm equal protein loading of all samples. For Jak2 tyrosine phosphorylation levels, cells were serum starved for 20 hrs and protein whole cell lysates were -6-prepared the following morning. The lysates were subsequently immunoprecipitated with monoclonal anti-phosphotyrosine antibody (BD Transduction Laboratories, clone PY20) and Western blotted with polyclonal anti-Jak2 antibody (Upstate Biotechnology).
Preparation of Total and Poly (A)
+ mRNA-Cells were serum starved for 20 hrs and total RNA was then isolated using the acid guanidine thiocyanate/phenol/chloroform method of extraction (4) . For each of the two conditions, three confluent 100-mm culture dishes of cells were lysed and extracted RNA was then pooled together in order to avoid artifact that was unique to any one individual plate.
Poly (A) + mRNA was isolated from both the γ2A/Zeo and γ2A/Jak2 cells using the Microarray Data Analysis-The data was analyzed using the Affymetrix Software Package, Microarray Suite Version 4.0. Probe intensities for both cellular conditions were compared and reported in both tabular and graphical formats. The data was deposited in the Gene Expression Omnibus (GEO) repository under accession # GSM16418.
Northern Analysis-Northern Blot analysis was performed as previously described (35, 37) .
Briefly, 25 µg of total or 4 µg of poly (A) + mRNA was separated on a 1% agarose-6%
formaldehyde containing gel. RNA samples were transferred onto nylon membranes which were then hybridized to 32 (14, 20) .
Luciferase Assay-Cells were transfected with a luciferase reporter construct containing four tandem repeats of the GAS element, upstream of a minimal TK promoter, in 10 µl Lipofectin (Invitrogen).
The cells were subsequently serum starved for 20 hrs and then treated as indicated. Luciferase activity was measured from detergent extracts in the presence of ATP and luciferin using the Reporter Lysis Buffer System (Promega) and a luminometer (Monolight Model 3010). Luciferase values were recorded as relative light units (RLU)/µg protein.
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RESULTS
Characterization of Jak2 expression in the stably transfected γ2A cells-The γ2A-derived stable cell lines were created as described in the Methods. In order to verify the relative expression of Jak2 in each cell line, 25 µg of whole cell protein lysate from each cell line was separated by SDS-PAGE and subsequently Western blotted with anti-Jak2 polyclonal antibody (Fig. 1A, top) .
The results show that Jak2 protein expression is completely lacking in the γ2A/Zeo cell line, but is readily detectable in the γ2A/Jak2 cell line. In order to demonstrate that both lanes were loaded equally, the same membrane was stripped and Western blotted with anti-Stat1 polyclonal antibody to detect endogenous Stat1 protein (Fig. 1A, bottom) . The results show that both lanes had roughly equal levels of Stat1 protein.
Jak2 is known to have a basal level of tyrosine kinase activity and ligand treatment of cells increases this activity to subsequently higher levels (8) . The relative kinase activity of Jak2 is directly proportional to its own tyrosine phosphorylation levels (8, 10, 40) . To determine whether the Jak2 protein expressed in the γ2A/Jak2 clone had basal level tyrosine phosphorylation, equal amounts of whole cell lysate from each clone were immunoprecipitated with anti-phosphotyrosine antibody and then Western blotted with anti-Jak2 antibody (Fig. 1B) .
The results show that the Jak2 protein expressed in the γ2A/Jak2 clone does have detectable levels of tyrosine phosphorylation, which is consistent with cells that endogenously express Jak2.
Collectively, the results in Fig. 1 demonstrate that while the γ2A/Zeo cell line completely lacks Jak2 protein expression, the γ2A/Jak2 cell line has readily detectable levels of this protein.
Furthermore, the expressed Jak2 protein shows normal, basal level tyrosine phosphorylation.
-10-Microarray analysis demonstrates that Jak2 mediates the expression of many diverse genes-We next wanted to determine whether the basal level expression of Jak2 in a cell changed the gene expression profile of that cell when compared to the non-Jak2 expressing controls. To do this, total RNA was harvested from both cell lines and then prepared for Affymetrix microarray analysis as described in the Methods. The Affymetrix U95A GeneChip® was used as the differential expression platform. This chip contains the probe sequences representing ~12,000
fully sequenced human genes. The expression signals generated from the hybridization of probes from both cell lines were then compared and analyzed. The results gathered in Fig. 2 were further analyzed using Venn Diagram analysis. This analysis allows for the identification of genes that were present in both experiments. The results demonstrated that 621 genes were differentially expressed in both experiments. All of these genes had at least a 2-fold change in gene expression, as a function of expressed Jak2. These 621 genes were further analyzed to distinguish up regulated genes from down regulated genes ( Fig.   3A ). A total of 474 genes were found to be up regulated in both experiments while 147 genes -11-were found to be down regulated. The fold changes for these genes ranged from 2-to 78-fold.
Not surprisingly, the majority of genes found to be present in only one of the two experiments had induction numbers falling close to the 2-fold cutoff. In this case, they were picked up in one experiment with a value that was at 2-fold or higher, but not in the other experiment because the value was just under the 2-fold cutoff threshold.
The full list containing all 621 genes is contained herein as Supplemental Data 1. Of the 621 genes on this list, 390 have a known ontological function. When these 390 genes were queried as to whether any were cytokine regulated, 56 genes were identified. This list of 56 genes is contained herein as Supplemental Data 2. Several examples include the interferon gamma inducible protein (9), the IP3 receptor (32) and the inhibitor of activated STAT protein (19) , among others. Collectively, the identification of genes that have previously been shown to be cytokine and/or Jak2 regulated suggest that the microarray data had in fact identified genes that are Jak2 targets and not genes that are differentially expressed due to clonal artifact.
For our initial analysis, we started with the list of 621 genes and shortened it to include only those genes that were differentially expressed by at least 7-fold. Again, Venn Diagram analysis was performed to identify those genes that had at least a 7-fold change in gene expression, in both experiments (Fig. 3B ). The results show 76 genes in experiment #1 had at least a 7-fold change in expression, while 53 genes in experiment #2 were found to be at least 7-fold. Of these, 31 were common to both groups. Table I lists these 31 genes. For the genes found to be present in only one of the two experiments, the majority had induction numbers falling close to the 7-fold cutoff. As such, they were detected in one experiment with a value that was 7-fold or greater, but not detected in the second experiment because the value was just below the 7-fold cutoff threshold. Overall however, there was a strong concordance between the genes -12-on both lists. Interestingly, this list of genes was found to encompass diverse categories of cellular function including transcription factors, cell cycle control genes, cell surface receptors and intermediate signaling molecules. As such, the data indicated that Jak2 was strongly regulating an important, but diverse set of genes.
Validation of Jak2-dependent gene expression in γ2A/Zeo and γ2A/Jak2 cells-We next wanted to validate the apparent changes in Jak2-dependent gene expression. In order to obtain a representative sample from the list, we selected genes that represented a diverse set of fold changes and ontological functions. Northern blot analysis was then performed on several of these genes. For the intermediate signaling molecule, Pak1, Affymetrix predicted that Jak2 expressing cells would have 7.3-fold more mRNA when compared to non-Jak2 expressing control cells. Northern blot analysis indicated that of the two splice variants of Pak1, the smaller transcript was ~4-fold higher in the Jak2 expressing cells (Fig. 4A) . Similarly, for the 4-1BBL gene, Affymetrix analysis indicated that the Jak2 expressing cells would contain 9.6-fold more mRNA when compared to the cells lacking Jak2. Northern blot analysis actually found the level closer to ~5-fold (Fig. 4A ). For the RNA splicing enzyme, USA-CyP, Affymetrix analysis predicted that the Jak2-expressing cells would have 11-fold more mRNA when compared to the cells lacking Jak2. Again, densitometric analysis of the Northern blot found it to be ~7-fold greater (Fig. 4B) . Finally, for the angiogenic cell surface receptor, EphB6, the Affymetrix prediction and the Northern blot were in close agreement, as both analyses found Jak2 expressing cells contained ~15-fold more EphB6 mRNA than the cells lacking Jak2 (Fig. 4C) .
Collectively, the data in Fig. 4 demonstrate a reasonable correlation between the differential expression pattern predicted by the Affymetrix microarray analysis and the validation -13-of the mRNA levels by Northern blot analysis. For some genes, the magnitude of the prediction made by the Affymetrix analysis was higher than the actual measurement determined by Northern blot analysis. However, without exception, the genes that Affymetrix predicted to be differentially expressed, were in fact differentially expressed.
To further validate the differential expression data generated by the microarray experiments, quantitative RT-PCR was also employed. Six separate genes were analyzed via quantitative RT-PCR. Graphs illustrating the derived fold changes between the γ2A/Zeo and γ2A/Jak2 cell lines are shown ( Quantitative RT-PCR actually found the level to be ~10-fold less in these cells (Fig. 5C ). For the trypsinogen IV-B gene, Affymetrix predicted a 15-fold increase in mRNA levels in the Jak2 expressing cells. Quantitative RT-PCR found the level to be ~17-fold higher (Fig. 5D ). For the microsomal GST III gene, the microarray studies predicted a 34-fold increase in the mRNA levels in the Jak2 expressing cells. Quantitative RT-PCR found the level to be ~10-fold higher (Fig. 5E ). Finally, for the G-CSF gene, Affymetrix predicted a 17-fold increase in mRNA levels in the Jak2 expressing cells when compared to the non-Jak2 expressing controls. Quantitative
RT-PCR actually found the level to be ~107-fold higher in the Jak2 expressing cells (Fig. 5F ).
Collectively, the quantitative RT-PCR data in Fig. 5 indicate that the genes that the -14-microarray data predicted to be differentially expressed, were once again found to be differentially expressed in the same direction. Neomycin resistant cassette (RASM WT). Thus, these cells allow for a determination of Jak2-dependent gene expression via a mechanism that is independent of the Jak2 null mutation.
Suppression of endogenous
Here, both sets of cells were serum starved for 48 hrs and then total RNA was harvested.
Quantitative RT-PCR was subsequently performed on the several of the genes shown in Figs. 4 and 5. The results were consistent with both the Affymetrix-derived data in Fig. 2 Collectively, the data in Fig. 6 indicate that when endogenous Jak2 tyrosine kinase activity is reduced via expression of a Jak2 dominant negative allele, there is a corresponding change in gene expression that is similar to that seen in the γ2A-derived cells. As such, the data suggest that basal level Jak2 tyrosine kinase activity within a cell, independent of exogenous ligand addition, can in fact alter subsequent cellular gene expression.
Jak2 is a critical mediator of both basal level and ligand induced gene transcription-
The data in Fig. 6 suggest that Jak2 is acting as a key mediator of gene expression and this is occurring independent of exogenous ligand addition. This is a novel concept in that Jak2 has classically been viewed as a mediator of ligand-induced gene expression. We therefore hypothesized that Jak2 can act as a critical mediator of both basal level and ligand-induced gene transcription. To test this, we chose to measure the ability of angiotensin II to mediate mRNA gene expression, as a function of both expressed Jak2 protein and exogenous ligand addition. Numerous independent laboratories, including our own, have shown that angiotensin II is a potent activator of Jak2, both in vitro and in vivo (1, 7, 12, 22-24, 33, 35, 38) . We recently created γ2A-derived cell lines that stably express either the angiotensin II receptor alone (AT 1 ) or the angiotensin II receptor along with Jak2 (AT 1 +Jak2), via the stable integration of cDNA expression plasmids (33) . In short, the AT 1 cell line expresses the angiotensin II type AT 1 receptor on a background that is devoid of Jak2. However, the AT 1 +Jak2 cell line expresses the AT 1 receptor with similar affinity and abundance as the AT 1 cell line, but also expresses wild type Jak2 protein. Thus, these cells allow for a determination of the role of Jak2 in gene expression, under both the basal and ligand activated states.
-16-To characterize both the basal and ligand-induced tyrosine phosphorylation levels of Jak2, both sets of cells were either left untreated (-) or treated for 5 min with 100 nM angiotensin II (+). Equal amounts of whole cell lysate from each condition were then immunoprecipitated with anti-phosphotyrosine antibody and subsequently Western blotted with anti-Jak2 antibody (Fig. 7A ). Since the AT 1 cells lack Jak2, angiotensin II treatment failed to increase the tyrosine phosphorylation levels of this protein (lanes 2 vs 1). However, in the AT 1 +Jak2 cells, Jak2 was found to be tyrosine phosphorylated prior to angiotensin II treatment (lane 3), and ligand treatment further increased its tyrosine phosphorylation levels (lane 4). Thus, the data in Fig. 7A suggest that these cells appear to be suitable vehicles for studying gene expression that is both Jak2-and ligand-dependent.
One gene that showed remarkable consistency in its Jak2-dependent regulation in the Table I ). Therefore, to determine the role of basal and ligand activated Jak2 on EphB6 gene expression, both sets of cells were either left untreated (-) or treated for 4 hrs with 100 nM angiotensin II (+). RNA was then extracted and Northern blot analysis was performed (Fig. 7B, top) . The results show that in the cells lacking Jak2, there is little to no EphB6 message, either with or without ligand treatment (lanes 1 and 2). However, in the Jak2 expressing cells, there was a marked increase in EphB6 mRNA levels in these cells that was completely independent of ligand treatment (lane 3). This result recapitulates the observation seen in Figs. 4C and 5A as it once again demonstrates that basal level Jak2 tyrosine kinase a ctivity in a cell is sufficient to sign ificant ly increa se ex pres sion of this gen e. Fi nally, when the Jak2 expressing cells were treated with ligand, there was a further increase in EphB6 -17-mRNA levels (lane 4). The nylon membrane was subsequently stripped and re-probed with the cDNA encoding GAPDH, in order to demonstrate similar loading across all lanes (Fig. 7B,   bottom ).
In Fig. 7B , while ligand treatment of the Jak2 expressing cells did increase EphB6 mRNA levels over untreated cells (lane 4 vs. 3), perhaps what is most striking is the large increase in EphB6 mRNA levels that is seen when Jak2 is simply expressed in the cell and not treated with ligand (lane 3 vs. 1). This suggests that Jak2 might perhaps be influencing gene expression independent of exogenous ligand addition. To determine whether this effect could be conferred onto a heterologous Jak2-responsive promoter, we transfected these same AT 1 and AT 1 +Jak2 cells with a luciferase reporter construct containing four tandem repeats of the Jak2-responsive, GAS element, upstream of a minimal TK promoter. The cells were subsequently serum starved for 20 hrs, treated with 100 nM angiotensin II for the indicated times and then luciferase activity was measured (Fig. 7C) . In the cells lacking Jak2, there was some basal level luciferase activity and this increased modestly with the addition of ligand (lane 2 vs. 1). However, in the Jak2 expressing cells, there was a significant increase in luciferase activity and this was independent of ligand addition (lane 3 vs. 1). Finally, receptor activation via the addition of exogenous ligand further increased luciferase activity when compared to the unstimulated controls (lane 4 vs. 3).
Clearly however, of the four conditions, the largest relative fold increase in luciferase activity was seen in lane 3, where Jak2 expression significantly increased luciferase activity, independent of exogenous ligand addition.
To demonstrate that this observation is not an artifact unique to the γ2A/AT 1 receptor expressing cell lines, we transfected the same luciferase reporter construct into γ2A cells stably expressing either the growth hormone receptor (GHR) alone or the GHR along with Jak2. The -18-creation and characterization of these cells has been independently described (15) . In short, both cell lines express the GHR at similar affinity and abundance, but only the second cell line expresses Jak2. In the absence of growth hormone, Jak2 displays low level, basal tyrosine phosphorylation. Upon treatment with growth hormone however, there is a marked increase in Jak2 tyrosine phosphorylation levels.
Here, both sets of cells were transfected with the luciferase reporter construct and then treated with ligand for the indicated times (Fig. 7D ). In the γ2A cells expressing only the GHR, Thus, the data demonstrate that the magnitude by which Jak2 increases ligand-dependent gene transcription (~3-fold) is nearly equivalent to the magnitude by which Jak2 increases ligand independent gene transcription (~2.5-fold). As such, these data help strengthen the argument that Jak2 may act as a mediator of both ligand-independent and ligand-dependent gene transcription.
In summary, the data in Fig. 7 demonstrate that basal level expression of Jak2 can greatly influence gene expression and this is independent of exogenous ligand treatment. However, once ligand is added and Jak2 is activated to a higher catalytic state, Jak2 can further influence gene expression. Collectively, the data suggest that Jak2 may therefore act as a key mediator of gene expression in both the basal and ligand activated states.
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DISCUSSION
Jak2 is a key mediator of cellular gene expression. A variety of ligands which bind cytokine, tyrosine kinase growth factor and G protein-coupled receptors, are all known to signal through Jak2 (1, 2, 7, 12, 17, 21, 22, 24, 27, 30, 34, 35, 38, 40) . This study was therefore designed to help elucidate the critical role that Jak2 has in regulating cellular gene transcription.
Here, we found that when Jak2 was expressed in a cell under ligand-independent conditions, 621
genes had a greater than 2-fold change in gene expression when compared to non-Jak2 expressing control cells.
This work is significant for several reasons. First, in the realm of cellular transcription, genes can be expressed at either basal levels or under activated conditions such as when a ligand binds its receptor in order to increase the expression of a specific downstream target gene. Jak2 has long been regarded as a key mediator of this ligand-activated state of transcription and has never thought to have been important in basal transcriptional regulation. This paper shows for the first time that, when Jak2 is expressed in a cell at basal level conditions, it appear s to play a central role in cellular transcriptional regulation that is independent of exogenous ligand addition.
Second, a classification of these differentially regulated genes was done in an attempt to discover prominent classes of Jak2 signaling targets. Uncovering functional classes of genes could potentially lead to predictions about genomic targets of Jak2. Interestingly however, no prominent class of genes appeared evident. The classification revealed a large assortment of genes encoding many diverse proteins such as transcription factors, intermediate signaling molecules and cell surface receptors. The data suggest that Jak2 shows no single prominent function at the basal level, but rather maintains a global influence within the cell.
-20-Third, the Jak2 knockout mouse dies during development therefore indicating that this tyrosine kinase is required for survival (26, 28) . These same studies showed that Jak2 is required for proper signaling through a variety of cytokine receptors. Subsequent studies have also demonstrated that Jak2 is a critical mediator of tyrosine kinase growth factor and G proteincoupled receptor signaling (1, 7, 23, 24, 27, 29, 38, 40) . However, the downstream target genes of Jak2 tyrosine kinase remain largely unknown. Here, we identified 621 genes that have at least a 2-fold change in gene expression as a function of expressed Jak2. As such, additional downstream target genes of Jak2, may now be known.
As mentioned previously, the major focus of this study did not include the genes falling within the differential signal expression range of 2-to 7-fold. This does not suggest these genes are not biologically important. To the contrary, genes having a 2-fold change in gene expression have previously been shown to have important biological consequences (5, 31). However, given the vast number of genes that were identified in this study, we narrowed our focus and chose to study genes having larger fold changes.
Interestingly, Jak2 has been regarded as an activator of ligand-dependent gene transcription. However, this study revealed that nearly one-quarter of all Jak2-dependent genes were down regulated. One possible explanation for this is that Jak2 is having an indirect effect on these gene promoters via the activation of transcriptional repressor genes. Once expressed, the repressors would subsequently bind other promoters and in turn reduce gene transcription.
Alternatively, recent studies have shown that the Jak/STAT pathway itself is capable of directly inhibiting expression of specific gene promoters. Specifically, recent work has shown that the γ-globin gene promoter is inhibited by the Jak/STAT signaling pathway in general, and STAT3ß in -21-particular (11) . As such, further experiments are required in order to determine which of these scenarios might be happening in the γ2A-derived cells.
As indicated above, a major finding of this work is that Jak2 may function as a critical mediator of ligand-independent gene transcription. An important question however, is whether Jak2 is already in an activated state prior to exogenous ligand addition. For several reasons, we believe the answer is no. First, the level of Jak2 that is expressed in the γ2A-derived cells used in these studies is at a level that is similar to cells that endogenously express Jak2, such as Jurkat cells. As such, this would tend to minimize Jak2 autophosphorylation in the absence of exogenously added ligand. Second, the cells were washed extensively with phosphate buffered saline and serum starved prior to use. This made the cells quiescent and in turn minimized the tyrosine kinase activity of proteins such as Jak2, prior to any ligand treatment. Third, the addition of exogenous ligand subsequently activated Jak2 suggesting that Jak2 was not fully activated prior to ligand addition. Fourth, the phenomena of Jak2 mediating ligand-independent gene transcription was observed in multiple independent cell lines (γ2A/AT 1 , γ2A/GHR, and RASM) therefore suggesting that the effect is not due to clonal artifact. Fifth, in the case of the RASM-derived cells, when endogenous Jak2 tyrosine kinase activity was reduced via the expression of the dominant negative Jak2 allele, there was a subsequent alteration in gene expression that correlated with the microarray predictions. This demonstrates that when endogenously expressed Jak2 (ie. non-transfected) tyrosine kinase function is reduced from its basal state, there is corresponding change at the level of Jak2-dependent gene transcription. And sixth, a recent paper by Duhe! and colleagues demonstrated that kinetically, the tyrosine kinase function of Jak2 exists in at least two independent states; namely, a basal state and a ligand activated state (3). Specifically, they generated an activation loop mutant of Jak2 by changing - autophosphorylating, may in fact be an important mediator of cellular gene transcription.
In conclusion, this study showed that expression of Jak2 can alter the transcriptional regulation of 621 genes in γ2A-derived cells. At least 56 of these genes have been classified as being cytokine responsive. These numbers are indicative of the critical role that Jak2 tyrosine kinase has within a cell and suggest that Jak2 plays a key role in basal, as well as ligand activated, cellular gene transcription. As such, these studies suggest that Jak2 can significantly regulate gene expression outside of the classical, ligand activated signaling paradigm. A) The data files for experiments #1 and #2 were merged so genes common to both experiments could be identified as having at least a 2-fold change in gene expresssion. A total of 621 genes were found to be differentially expressed in both experiments. These 621 genes were further analyzed to distinguish up regulated from down regulated genes. The hatched lines indicate the area of overlap between the two experiments. B) The data files for experiments #1 and #2 were -30-analyzed so that genes having at least a 7-fold change in expression could be identified. A total of 31 genes were identified as being common to both experiments and having at least a 7-fold change in expression. Northern blot analysis of mRNA extracted from γ2A/Zeo and γ2A/Jak2 cells. The blots were probed with cDNA's encoding either Pak1 and 4-1BBL (A), USA-CyP (B), or EphB6 (C). All blots were subsequently stripped and re-probed with GAPDH to control for loading. 
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